Introduction
The importance of literacy and numeracy in society has become increasingly prominent as changes in information technology and globalisation put a greater premium on information processing skills 1 . Until very recently attempts to compare literacy and numeracy was made difficult by the absence of data that was consistent across countries. The collection of the International Adult Literacy Survey (IALS) has allowed researchers to compare literacy and numeracy skills across countries on a systematic basis for the first time. Much of the popular discussion has focussed on the scores of particular countries and the proportion of the sample falling below particular levels. The extent of literacy problems in countries that are relatively wealthy and with well developed educational systems has surprised many. For example the World Bank reported that 23% of the adult population in Ireland is functionally illiterate 2 . This low level of literacy is worrying when we consider the perceived increase in the demand for highly skilled individuals to deal with the advancement of technology in the workplace and the significant inverse relationship between formal education and skills and social and economic exclusion.
In this paper we present some new cross-country measures of illiteracy using ideas from the literature on poverty measurement. In the latter literature, there is often a distinction between identification (who is defined as poor) and aggregation (how the poverty levels of different individuals are aggregated to arrive at an overall figure). The same distinction arises here and in this paper we are solely concerned with the latter. We take as given the interpretation of the scores at certain thresholds as corresponding to a particular level of literacy. In the next section we outlines the key issues and how analogous problems have 1 See, for example, Borjas(1996) p273 for evidence on the changing premium to education in the United States. 2 Those at level 1 on the prose scale of the IALS survey were defined as functionally illiterate.
been dealt with in the context of poverty. In section 3 we describe the dataset and the results of the analysis are outlined in section 4. Section 5 concludes.
Aggregate measures of poverty and illiteracy
Much of the research on measuring poverty relies on counting the number of proportion of people or households below a benchmark level of income or 'poverty line'. While using the proportions of a sample or a population below a given benchmark has certain advantages as a measure of deprivation it also has obvious drawbacks. In particular it is not sensitive to the distribution of incomes within the subset which are below the line. For example, it seems reasonable that a measure of poverty should record a rise if one of the poor's income falls, other things being equal. Secondly one would expect to record a rise in measured poverty if there is a transfer from a poor person to one who is better off (i.e. either less poor or not poor at all). These criteria, formulated by Sen (1976 Sen ( , 1979 are known as the Monotonicity and Transfer Axioms respectively. A third axiom due to Kakwani(1980) , Transfer Sensitivity, is less obvious. It requires that if there is a transfer from a poor household (with income y) to a less poor one (with income y+d>y) then the magnitude of the increase in poverty must be lower the greater y is. A given transfer between the poor has less impact the less poor they are 3 .
In an influential article Foster, Greer and Thorbecke ( (1)
They then define the following class of poverty indices:
The parameter α measures the sensitivity of the index to the degree of 'poorness' of those classified by the benchmark as being poor. This index nests several special cases. If α=0 equation (2) above corresponds to a simple "headcount"; the proportion of those below the threshold. Setting α=1 amounts to aggregating the proportionate poverty gaps while α=2 amounts to weighting each proportionate gap by itself so a poverty gap of 20%
contributes four times as much as one with 10%. As α increases greater weight is being placed on the poorest in a society. It can be proven that (2) satisfies Monotonicity for α>0, the Transfer Axiom for α >1 and the Transfer Sensitivity Axiom for α >2.
An important advantage of this class of measure is that it is additively decomposable; the overall score is a weighted sum of the scores for a set of mutually exclusive and exhaustive sub-groups where the weights are the corresponding proportions of the populations. Hence, one can measure the contribution of the poverty of a particular sub-group to overall poverty.
This decomposability does not apply hold for measures that involve rankings, such as those that include Gini coefficients.
In this paper we take this class of index and apply it to the measurement of literacy by replacing the poverty line with an "illiteracy line". One can adopt a "Veil of Ignorance" argument here: given that one can't know for sure it seems reasonable to adopt a more egalitarian approach and to attach a greater weight to those who are worse off. It is more difficult to give an intuitive argument for satisfying the Transfer Sensitivity Axiom and the estimates here do not in general satisfy it since we only compute the index for α equal to 0,1 and 2.
How does one choose α ? This requires judgement on the part of the investigator. Clearly it is arbitrary to some extent and may depend on the purpose of making the comparison. In the framework we have adopted it should be clear that the conventional "headcount" measure is no less arbitrary and that there are sensible a priori grounds for picking α>0. In applications of this approach it makes sense to see how sensitive are rankings to different values of α.
There is one method which may allow us to empirically determine the "appropriate" α. In general however one is concerned about low literacy because it affects many aspects of a person's life some of which are not easily measurable if at all so this approach to determining the appropriate α may be limited in its usefulness.
The IALS Data
The data used in this paper come from the International Adult Literacy Survey (IALS) which was undertaken by twelve governments in association with the European Union, the OECD and UNESCO between 1994 and 1996 5 . The purpose of the survey was to assess the literacy level of the adult population and to provide a common measure that would allow comparison of literacy proficiency across countries rather than a mere count of the number of 'illiterate'
people in the population. For most countries, the survey consists of a sample of 2000 to 3000 from the adult civilian population aged between 16 and 65 6 . The language of interview is each country's respective national language. Sample design was the responsibility of each country.
The IALS is structured around three stages. Firstly, each individual was required to complete a background questionnaire, which provided information on age, sex, education, labour market experiences and literacy related activities. An individual was deemed to be an IALS respondent if they partly or fully completed the background questionnaire. Stage 2 involved the completion of six simple assignments; if the respondent answered incorrectly on more than two of these tasks the interview was terminated. This was in order to avoid assigning further tasks to those individuals whose literacy level is already known to be very low. Lastly, a main booklet of tasks was given to each respondent, which resulted in a score that measured their literacy level.
All assignments required the respondent to use materials from everyday life. For example, instructions from medicine bottles, the completion of order forms and reading a newspaper are listed amongst the tasks that were required in order to complete the test questionnaire. It is clear from the study design that the definition of literacy was not intended to be focused on literacy and numeracy as conventionally thought of -rather it was aimed at 7 The survey makes uses of "plausible value" sampling methodology, which provides five measures of each of the three variables (prose, document and quantitative literacy) based on the fact that individuals will answer different parts of a given question. Thus, for each of the three literacy scales, each of the five values is equally plausible. 8 In constructing the scores each country was required to re-evaluate 20% of the tests to guarantee precision of results. In addition one statistical agency was required to re-evaluate 10% of another country's scores. The designers of the IALS were also very conscious of non-response bias. Interviewers were advised to return to households that did not give a response as many times as possible and the sample was carefully weighted to known population variables.
encompassing a broad range of skills used in the context of working, schooling and home duties which are much more cognitive in nature than the term 'literacy' at first suggests (OECD 1997) . For example, respondents are asked to balance a chequebook, complete an order form, and maintain payroll data, tasks which require much more knowledge than simply the ability to read and write. Kirsch and Mosenthal (1992) 
Results
Previous analyses of the IALS (OECD1995, 1997) have, in the main, used as comparisons measures of central tendency such as the mean or median or the proportions lying below certain values which are deemed to be critical. The threshold below which we define individuals as "illiterate", is the value that defines the upper bound of level 2 literacy:
275 .This corresponds to the value used by the World Bank (1999).
To calculate standard errors, one can use analytical formula for the asymptotic distribution of these indices. Kakwani (1990) shows that the sample estimates of the variance of (2) are given by:
. var(
In the related context of inequality measurement Mills and Zandvakli (1997) caution against the use of asymptotic approaches in small samples and recommend a distribution-free method such as bootstrapping. We provide bootstrap standard errors for each measure based on 80
replications. Experiments with more replications suggest that this number is easily sufficient 9 .
Note that both bootstrapping and the method of Kakwani treat the actual critical value used as non-stochastic whereas in practice it is often estimated from the same sample as the statistics of interest. So, for example, one typically estimates the proportion of the sample below, say, the median of that sample. Hence random sampling generates two sources of uncertainty in the calculation of the threshold and in inferring the proportion below that threshold 10 . The measure used here is absolute rather than relative so this does not arise. corresponding to values of α equal to 0,1 and 2 (the corresponding estimates for document literacy and quantitative literacy provided in tables A1 and A2 in the Appendix. The first set of results (α=0) corresponds to the "headcounts" reported in the existing literature and widely discussed elsewhere 11 . We use the sample weights provided with the data. The rankings are reported in the adjacent column and tests for rank correlation are presented at the end. The new indices that we propose are those for α equal to 1 and 2. All three indices generate very similar rankings. Most of the countries displaying high levels of illiteracy by the headcount measure (such as Poland and Northern Ireland) continue to do so when we take account of the 9 This method of calculating standard errors differs from the "jackknife" procedure recommended by the data providers for calculating descriptive statistics, see Statistics Canada (1998), chapter 8. This is to deal with the "plausible value" sampling methodology. It is not clear how this method can be extended to our approach. As we just use one of the plausible values (see footnote 7) this should not be a problem and the bootstrap should provide relatively robust estimates in general, see Efron & Tibshirani (1993) . Using any of the other "plausible values", such as "prose2", "prose5" and so on, give results that are not noticeably different. Details and a Stata file to replicate the results are available on request from the author. 10 Preston (1995) derives the distributional formulae allowing for both sources of sampling error which may or may not offset each other.
severity of the literacy shortfalls. Similarly most of the countries who are doing well continue to do so (such as Sweden and the Netherlands). There are important exceptions nonetheless.
While Germany is middle ranking by the first index, increasing α improves Germany's position in the "league table" so that taking account of the severity of the literacy shortfalls implies that Germany is, by contrast, the country least troubled with high illiteracy.
Interestingly, the same pattern occurs with the German-speaking Swiss sample. The populations that emerge worst in our new analysis are the US and the English speaking Canadians. For example the simple headcount (α=0) gives the US and Belgium an almost identical incidence of low literacy, the US being marginally worse to an extent that is not statistically significant. But the severity of the literacy shortfall (α=1) is lower in Belgium than the US by about 15% (0.101 -0.086).
Taking account of the size of the literacy shortfalls does not always increase the difference implied by the headcount. For example, while there are substantially fewer English speaking Canadians in the low literacy category than there are German-speaking Swiss, the gap between the two is more or less eliminated with α=1 or higher.
The results for quantitative and document literacy (in Tables A1 and A2 in the Appendix) show much less variation in rankings as one increases α. In the former, for example, no country's rank changes by more than two places. This suggests that the distribution of scores within those who are below the benchmark are not very different. However it is interesting that some of the patterns that emerged in looking at prose literacy also appear, albeit to a lesser degree, in the other literacy domains. As happened with the prose literacy results in table 1, the English-speaking Canadians have a higher ranking in Table A1 and A2 (that is 11 To facilitate comparisons we have followed the convention of using the "first" of the plausible values for each test ("prose1" "doc1" "quant1"). Our results for α=0 replicate those in Murray et al (1998) higher levels of illiteracy) as we take account of the size of the gap. This effect is more evident for document literacy than quantitative. This finding is also true for the United States.
Equally the result in Table 1 that allowing for the severity of the literacy puts Germany in a better light, recurs when one examines quantitative and document literacy. As a broad generalisation there seems to be relatively little change between the second and third indices compared to the first and second so in applications it may be sufficient to use the more intuitive value of α equal to 1. There is, of course, no guarantee that this holds generally. While cross-country comparisons may make good headlines they are of limited interest from the point of view of public policy. However measures of illiteracy across groups, but within a country, are very useful since they provide valuable information about where resources might be best employed to alleviate the problem. This is where the decomposability property of the FGT indices is helpful. As an example, we decompose the results for the United States across the four combinations of high/low education and men/women 12 . The sizes of the sub-samples give the approximate weight of each sub-groups contribution to the overall measure because of the use of sample weights to correct for over/under sampling. From Table 2 it is clear that the low incidence of literacy is strongly associated with low educational and this conclusion is not fundamentally dependent on which index is chosen.
However while the simple incidence of low literacy (α=1) is about 3% higher amongst loweducated males compared to females, taking into account the severity effectively eliminates this gap. That is the higher frequency of illiteracy amongst males is counteracted by a greater severity of illiteracy within the female respondents. Low literacy is moreover far from being absent amongst the relatively well educated. However the relative incidence across groups is not invariant to the choice of index. The first column of results would lead one to conclude that low literacy is twice as great a problem amongst low educated men compared to highly educated men. The second set of results would suggest that it is almost four times greater (.266/.068).
As a second example we decompose the results for Great Britain by gender and age cohort with the younger cohort being 40 years old or less. The choice of index does not change the broad picture with regard to age: the younger cohort have lower levels of illiteracy. This is probably a reflection of their higher educational attainment. In other work we have measured the impact on literacy of several factors including educational attainment of individuals and find that education is quite significant but to an extent which varies across countries (Denny et al(1999) ). With respect to gender the picture is less clear: taking account of the severity of the illiteracy (α=1 or 2) reverses the conclusion that young men have a (slightly) lower degree of illiteracy than young women.
Conclusions
This paper presents a new method of characterising the extent of low literacy in a particular population or subset thereof. Using a class of measures well known from the economic analysis of poverty we present two indicators of illiteracy in addition to a standard "headcount" of the number of people below a given threshold. We show that allowing for the severity of low literacy has some impact on rankings of different countries. For example, Germany improves its position relative to other countries while English-speaking Canadians and the United States fare much worse. Dis-aggregating our measures for the US by education level and gender, shows that when allowing for the severity of the problem makes the gap between men and women with low education disappear. In all these estimates we have accepted the threshold value for literacy chosen by the designers of the data as having certain intrinsic significance and widely used in the existing research on these data. In this regard it is worth quoting Deaton's observation about the arbitrariness of poverty lines 13 :
"…I see few advantages in trying to set a sharp line, below which people count and above which they do not. Poverty lines and poverty counts make good headlines, and are an inevitable part of the policy debate, but they should not be used in policy evaluation. Perhaps the best poverty line is an infinite one; everyone is poor, but some a good deal more so than others, and the poorer they are the greater the weight they should get in measuring welfare and in policy evaluation."
13 Deaton (1997) p 146.
Much the same point could be made about literacy and numeracy. A contrary view would be that there are distinct levels or thresholds in measured literacy which correspond to some concept of "fluency". If so, this is not clear from the data. One could indeed make a similar point about poverty lines: that income below a certain level may generate a distinct state of social exclusion.
Nonetheless we believe that the methods shown here make a useful contribution towards developing methods for comparing the functional literacy of nations and other groups. Due to innovative data sources such as the IALS there is now a basis for the systematic analysis of literacy problems in many countries. As a result, governments are better placed to tackle the problem of low literacy. An informed public policy for allocating resources to reduce the problem needs a method which takes into account not just the simple incidence of low literacy but the severity of it. The method outlined here is a step towards this end.
